The present research was carried out to observe the comparative effectiveness of different chemical treatments in combination with simultaneous thermal treatment on soluble (SDF) and insoluble dietary fiber (IDF) ratio to improve functional properties of barley. For this purpose, two varieties of barley, i.e., Haider-93 and Jau-87 were assessed for chemical composition, mineral, non-starch polysaccharides, and dietary fiber contents through respective methods. Two varieties were chemically treated through acid, alkaline, and consecutive acid-alkaline treatments in combination with thermal treatment. Results of chemical composition revealed that Jau-87 was higher in moisture (11.4%), crude fat (2.67%), and crude fiber (4.70%), whereas Haider-93 exhibited higher ash (2.56%) and crude protein content (12.7%). Moreover, barley is a rich source of potassium ranging from 4.77 to 5.07 g/kg. Likewise, main non-starch polysaccharides in barley were arabinoxylan (3.60-3.77%) and beta-glucan (3.65-3.67%). Furthermore, barley contains more IDF (12.00-12.40 g/100 g dm) than SDF (4.73-5.70 g/100 g dm). Additionally, modification of SDF (23.68%) and IDF (11.69%) ratio through acid treatment was nonsignificant, while acid-alkaline treatment showed highly significant results, i.e., 771.46% increased in SDF and 53.39% decreased in IDF. It is concluded that chemical treatments alone or in combination with pressure cooking increased SDF. However, simultaneous effect of acid and alkaline treatment most effectively increased the solubility of barley.
Introduction
For the last few years, efforts have been aimed to determine scientific justification for functional properties of dietary fiber. [1] Dietary fiber refers to the nondigestible carbohydrate entity, which is impervious to enzymatic assimilation and absorption in the small intestine of human. It is conventionally classified into two categories according to their water solubility: insoluble dietary fiber (IDF) and soluble dietary fiber (SDF). [2, 3] Each fraction has its own physiological effects. Soluble fractions are fermented faster into short-chain fatty acids and are consumed by the beneficial intestinal bacteria than insoluble fractions. From a functional point of view, SDF is more important than IDF. SDF helps to soften the stool, binds to substance like cholesterol and sugar, prevents and slows their absorption into the blood, regulates blood sugar levels and protects against heart disease, and in turns lowers the cholesterol level, possesses significant role in weight management (feel free for longer after its intake), boosts the population of good bacteria in gut, improves immunity, and enhances the mood. [4] Approximately 20-35% of SDFs and 65-80% of IDFs are present in foods (mainly cereals). As far as the recommended dietary intake ratio is concerned, one quarter for SDF and three quarters for IDF (1:3) are recommended. The main sources of dietary fibers are cereals, nuts, fruits, and vegetables. [1] Barley is one of the richest sources among cereals, as it contains about 24% dietary fiber in the ratio of 3:2 as for IDF and SDF, respectively. [5] Chemical treatment has been considered as the most important approach among all techniques to increase the solubility of dietary fiber because chemical reagents cause less damage to the molecular structure of the dietary fiber and content of SDF is increased more efficiently. Chemical methods use acid and alkali to solubilize the dietary fiber of cereals. [6] It depends upon the amount of acid and alkali, temperature, and reaction time. Englyst and Cumming [7] used sulfuric acid and trifluoroacetic acid to hydrolyze hemicellulose. This treatment hydrolyzes the long polysaccharide chain to smaller fractions to increase their solubility. Feng et al. [5] used the hydrogen peroxide to improve the SDF content of black soybean hull. Park et al. [8] modified the dietary fiber ratio in whole grain barley by carboxymethylation. Extrusion cooking is another approach for dietary fiber modification. Huang and Ma [9] applied high temperature, pressure, and shear force to gasify and extend the moisture content present in the cereals. This mechanism depends upon the processing parameters such as temperature and pressure. [10, 11] In general, a combined method may have greater effect on the modification of IDF into SDF in cereal than the use of the single method. [12, 13] Keeping in mind all the aforementioned perspectives, there is a dire need to partially convert this IDF into SDF and to develop the SDF-enriched value-added barley products. The objective of the current study was to evaluate the comparative and synergistic effect of chemical treatment and pressure cooking on the modification of IDF into SDF in two barley varieties.
Materials and methods

Procurement of raw material
Two barley varieties, i.e. Haider-93 and Jau-87 were procured from Ayub Agriculture Research Institute, Faisalabad. Seeds were cleaned to remove any debris or field dirt and sealed in polyethylene bags.
Chemical composition
Chemical composition of barley varieties was assessed to check the contents of moisture, ash, crude fat, crude protein, crude fiber, and nitrogen-free extract (NFE) according to the method of association of official analytical chemists (AOAC). [14] 
Mineral content
The mineral contents like Na, K, Ca, Mg, Fe, Cu, Zn, and Mn in both barely varieties were determined by the method described in AOAC. [15] Non-starch polysaccharides and dietary fiber Non-starch polysaccharides content like arabinoxylan and beta-glucan in barley varieties was assessed by the method of Pettolino et al. [16] and AOAC Method 995.16. The contents of dietary fiber in both barley varieties were determined according to the method of AOAC 991.43 enzymaticgravimetric method. [14] Chemical treatments Dietary fiber from barley varieties was chemically modified for the partial conversion of IDF into SDF according to the method of Ning et al. [17] In brief, a mixture of barley fiber and water, at a ratio of 1:5 was used. Its pH values were adjusted acidic (pH 2.0-4.0) and alkaline (pH 9.0-11.0) by using 6.0 N HCl (acid treatment) and 6.0 N NaOH (alkaline treatment), respectively. After pH adjustment, the mixtures were then heated at 90ºC for different periods of time ranging from 1 to 4 h. At the end of each treatment, the supernatant was removed, neutralized, and then centrifuged at 700 ×g for 10 min. Pentose and hexose contents were measured for the acid treatment using high-performance liquid chromatography, and total sugar content was determined for the alkaline treatment according to the procedure of Folkes and Taylor [18] and Dubois et al. [19] , respectively. The precipitate was washed with water and dried using an air drier (Proctor Schwartz, Philadelphia, PA) at 75ºC for 2 h, followed by grinding and screening through a 2-mm sieve. The acid-alkaline treatment involved consecutive acid and alkaline treatments, according to the aforementioned procedures. For the acidic treatment, the mixture was adjusted to pH 2.0 with 6.0 N HCl, while for the alkaline treatment, the mixture was adjusted to pH 11.0 with 6.0 N NaOH.
Pressure cooking of native and chemically modified barley fiber
The cleaned grains were pulverized using a plate mill to obtain whole flour (WF). A part of the WF was further sieved through a 44-mesh sieve. The '+' fraction was termed as the bran-rich fraction and the '-' fraction was termed as semi-refined flour. Each batch of the two commercially available barley varieties was pressure cooked for 10 min (9.8 × 10
4 Pa) (Pushparaj and Urooj, 2011).
Statistical analysis
The data obtained for each parameter were subjected for completely randomized design and Latin square design and later on ANOVA to determine the level of significance. [20] Results and discussion
Chemical composition and mineral profile
Mean values regarding chemical composition have been depicted in Table 1 . The results indicated that Jau-87 exhibited relatively high moisture (11.4%), crude fat (2.67%), and crude fiber (4.70%) contents than Haider-93 (i.e., 10.2%, 2.47%, 4.53%, respectively). Whereas, Haider-93 was higher in ash (2.56%), crude protein (12.7%), and NFE (67.55%) contents as compared to Jau-87 that contained about 2.35%, 12.13%, 66.64% ash, crude protein, and NFE content, respectively. The results are in accordance with the earlier findings of Labouar et al. [22] who reported 10.8%, 2-4%, 11.37%, and 3.82% moisture, ash, crude protein, and crude fat in barley, respectively. Similarly, Lee et al. [23] probed 10.10-13.10% moisture, 2.02-2.38% ash, 9.46-11.33% crude protein, 3.90-5.81% crude fat, and 1.70-2.18% ether extract in barley, respectively. Table 1 showed the mean values for macro-and micro-minerals content of two different varieties of barley. In Jau-87, macro-minerals, i.e., potassium, magnesium, calcium, and phosphorus were 4.77, 1.31, 0.44, and 3.78 g/kg, whereas in Haider-93, 5.07, 1.35, 0.51 and 4.08 g/kg, respectively. However, micro-minerals including copper, manganese, iron, and zinc were 7.93, 13.40, 49.40, and 23.50 g/kg in Jau-87, and 8.70, 14.50, 52.87, and 24.43 g/kg in Haider-93, respectively. All these findings showed that Haider-93 is the best variety of barley rather than Jau-87. The results are in-line with the observation of Boila et al. [24] who reported that barley contained calcium, phosphorus, magnesium, potassium, copper, zinc, manganese, and iron in range of 0. 
Non-starch polysaccharides
Mean values for monosaccharide content of two different varieties of barley are depicted in Table 1 . Arabinoxylan content (8.35%) is more in Haider-93 than in Jau-87, i.e., 8.21%, whereas the betaglucan content is 3.67% and 3.65% in Jau-87 and Haider-93, respectively. These studies were similar to the study of Andersson et al. [25] who reported 75-90 and 28-69 g/kg dm of arabinoxylan and beta-glucan in barley. Likewise, in another study, arabinoxylan and beta-glucan content was 8.4% and 4.1%, respectively, in barley. [26, 27] 
Dietary fiber
The soluble and insoluble fiber contents of the native and all the chemically modified barley of two different varieties were measured. Mean values for dietary fiber content of two barley varieties before treatment were exhibited in Table 2 . Results showed that SDF content was higher in Haider-93 (5.70 g/100 g dm) than in Jau-87 (4.73 g/100 g dm), whereas IDF was more in Jau-87 (12.00 g/100 g dm) than in Haider-93 (12.40 g/100 g dm). Literature showed similar results as of present study. Beloshapka et al. [28] explicated that barley contained about 8.6%, 4.8%, and 13.4% IDF, SDF, and total dietary fiber, respectively. Table 2 exhibited the mean values of dietary fiber content in chemically modified varieties of barley. Results of pressure cooking revealed that it significantly modified the soluble and IDFratio, i.e., SDF was significantly increased and IDF was significantly decreased in both barley varieties. In Jau-87, SDF was increased from 4.73 to 7.15 g/100 g, and IDF decreased from 12.40 to 9.37 g/100 g, whereas, in Haider-93, increase in SDF was from 5.70 to 8.65 g/100 g, and decrease in IDF was from 12.00 to 9.07 g/100 g. This modification was significant (p < 0.05). Moreover, when the dietary fiber was treated by acid, it slightly modified the SDF and IDFratio, i.e., 23.68% increase in SDF and 11.69% decrease in IDF in Jau-87, while in Haider-93, 24.39% increase in SDF and 11.75% decrease in IDF, respectively. After treatment with acid, dietary fiber was then pressure cooked, and it gave much better results, i.e., in Jau-87, 118.82% increase in SDF and 8.00% decrease in IDF, whereas, 104.39% increase in SDF and 26.08% decrease in IDF in Haider-93 as shown in Figures 1-4 .
Furthermore, after acid and acid-pressure cooking treatment, dietary fiber was then treated with alkali (NaOH). This treatment significantly modified the soluble and insoluble ratio. In Jau-87, SDF was significantly increased from 4.73 to 11.50 g/100 g and IDF was significantly decreased from 12.40 to 11.77 g/100 g, while, in Haider-93, SDF was significantly increased from 5.70 to 13.90 g/ 100 g and IDF was significantly decreased from 12.00 to 11.35 g/100 g. Then, this alkali treated dietary fiber was pressure cooked, and the results were significant (P < 0.05). SDF was increased from 4.73 to 16.78 and from 5.70 to 21.05 g/100 g while IDF was decreased from 12.40 to 7.17 and 12.00 to 11.17 g/100 g in Jau-87 and Haider-973, respectively.
After that, alkaline and acid treatment were applied simultaneously in two sequences (i.e., alkalineacid treatment, acid-alkaline treatment). The results of acid and alkaline treatments were significant Table 2 . Mean values of dietary fiber content of native and chemically modified varieties of barley (g/100g).
Jau-87
Haider-93 (Figures 1-4) . Among all treatments, the highest results were shown by acid-alkaline treatment. Pressure cooking applied high temperature, pressure and gasified and extended the moisture content present in the both varieties of barley. It led to the modification of intermolecular and intramolecular spatial structure of fiber and barley and formed a porous state. Pressure cooking resulted in disruption of covalent and noncovalent bonds in the carbohydrate and protein moieties leading to smaller and more soluble molecular fragments and less insoluble fractions. Other chemical treatments (acid-treated, acid-treated pressure cooked, alkaline-treated, alkaline-treated-pressure cooked, alkaline-acid-treated, acid-alkaline-treated varieties of barley) followed the same mechanism of polysaccharides chains breakage for the modification of SDF and IDF. Hence, the mobility of the polysaccharide molecules was greatly increased, facilitating their interaction with water molecules and their associated solubility. The mechanism behind the extremely high soluble fiber content and the low insoluble fiber content observed after consecutive acid-alkaline treatments may be due to the fact that acid treatment can open the structure and increase the surface porosity of the fiber particle, making it easier for the hydroxyl groups to penetrate inside and perform hydrolysis during the subsequent alkaline treatment.
Conclusion
Both varieties of barley were found to be a very high-quality reservoir of protein and potassium and a tremendous resource of dietary fiber, mainly IDF. Through chemical and thermal treatments application, barley was modified with respect to SDF and IDF ratio, i.e., SDF was increased while IDF was decreased. Although all treatments had given effective results, acid-alkaline treatment was the most effective. This modification opens the door for the betterment of physiochemical, physiological, and functional properties of dietary fiber by increasing the SDF. As a promising source of SDF, dietary fiber should be exploited for therapeutic and health-enhancing food products. 
